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In this paper we study the correspondence between the real part of quasinormal modes (QNMs)
and the shadow radius in a wormhole spacetime. Firstly we consider the above correspondence in a
static and spherically symmetric wormhole spacetime and then explore this correspondence numer-
ically by considering different wormhole models having specific redshift functions. To this end, we
generalize this correspondence to the rotation wormhole spacetime and calculate the typical shadow
radius of the rotating wormhole when viewed from the equatorial plane. We argue that due to the
rotation and depending on the specific model, the typical shadow radius can increase or decrease and
a reflecting point exists. Finally, we discuss whether a wormhole can mimic the black hole due to
it’s shadow. In the light of the EHT data, we find the upper and lower limits of the wormhole throat
radius in the galactic center M87.
I. INTRODUCTION
Wormholes were first theorized by Flamm [1], while
the famous Einstein-Rosen bridges was suggested by
Einstein and Rosen [2]. The spacetime topology of
wormholes provides a shortcut through spacetime by
connecting two different spacetime points or two uni-
verses. However Wheeler famously argued that such
wormholes would be unstable and non-traversable [3].
The physics of travesable wormholes attracted consid-
erable attention after the work of Morris, Thorne, and
Yurtsever [4]. An important discovery in this direction is
the rotating and travesable wormhole solution first ob-
tained by Teo [5]. Unfortunately, the existence of worm-
holes is linked to the presence of exotic matter and, as a
result, the energy conditions in general are violated [6].
From the astrophysical point of view, wormholes are
interesting objects associated with many astrophysical
phenomena, the best example is the light deflection in
the strong or weak deflection limit in a given wormhole
spacetime [7–17]. It is well known that photons around
the black hole can fall into a black hole or scattered away
from the black hole to infinity, yet there is the critical
geodesics which separate the first two sets, also known
as unstable spherical orbits. In the observers sky this de-
fines the black hole shadow [18–20]. In this direction, it
has been argued a similar effect in a wormhole space-
time, namely there is shadow boundary associated with
the wormhole geometry [21–26]. Quite amazingly, the
shadow image in the galactic center of the M87 black
hole was reported by the Event Horizon Telescope col-
laboration [27, 28]. We can therefore use these results
to test the existence of different exotic objects, includ-
ing the wormholes. In addition to that, general relativ-
ity predicts the existence of gravity waves. For exam-
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ple, gravity waves can be produce during the collision
of black holes. It is interesting that the final stage of the
ringdown phase can be described in terms of the quasi-
normal modes [29]. The quasinormal modes (QNMs) of
black holes have been investigated in many studies [30]-
[36], but there are QNMs associated with the existence
of wormholes too [39–41] The first evidence about the
existence of gravity waves was reported by the LIGO
and VIRGO observatories [42]. We can use these ob-
servations to test not only the existence of black holes
but also the possibility to distinguish black holes from
wormholes or, the possibility of black hole-wormhole
collision [43].
Interestingly, it turns out that there is a connection be-
tween the real part of the QNMs and the angular ve-
locity of the last circular null geodesic [44–46]. It was
also shown that there is a correspondence between the
QNMs and the strong lensing limit [47]. Recently, the
author of this paper, showed a connection between the
shadow radius and the real part of the QNMs in a static
and a spherically symmetric black hole spacetime (see
[49]) and rotating spacetimes (see, [50]). This correspon-
dence was used in subsequent studies [51–53], along
with the analytical correspondence reported in [54] also
used in [55]. In the present work, we aim to show
that such a correspondence between the real part of the
QNMs and the shadow radius exists in the spacetime of
static/rotating and asymptotically flat wormholes. Such
correspondence is very interesting since it relates the
problem of gravity waves to the shadow. In fact, for
the distant observer, the gravitational can be thought as
scalar massless particles propagating along the last null
unstable and slowly leaking out to infinity.
This paper is organized as follows. In Section II, we
consider the correspondence between the shadow ra-
dius and the real part of QNMs in a static wormhole
spacetime, say for electromagnetic and scalar perturba-
tions. In Sections III, IV, and V, we consider specific
models having different wormhole redshift function to
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2study this correspondence. In Section VI, we study the
observational constraints of having a wormhole in the
galactic center M87 using the EFT data. In Section VII,
we extend the connection between the shadow radius
and the real part of the QNMs for a rotating and asymp-
totically flat wormholes. Finally in Section VIII, we com-
ment on our results.
II. CONNECTION BETWEEN THE QNMS AND
SHADOW RADIUS IN A STATIC WORMHOLE
SPACETIME
Let us start by considering a static and spehrically
symmetric traversable wormhole spacetime
ds2 = −e2Φ(r)dt2 + dr
2
1− b(r)r
+ r2
(
dθ2 + sin2 θ dφ2
)
.
(1)
We aim to study the evolution of the photon in the
wormhole spacetime or the null geodesics hence we can
use the Hamilton-Jacobi equation given by
∂S
∂λ
= −1
2
gµν
∂S
∂xµ
∂S
∂xν
, (2)
where λ is an affine parameter of the null geodesic.We
can use the standard method for the Jacobi action S sep-
arated as follows
S =
1
2
m2λ− Et+ Lφ+ Sr(r) + Sθ(θ), (3)
here m is the mass of the particle, in our case of course
for the photon we set m = 0. Moreover E and L are the
corresponding energy and angular momentum of the
photon, respectively. Making use of the above equations
we obtain [24]
dt
dλ
=
E
e2Φ(r)
, (4)
e2Φ(r)(
1− b(r)r
)1/2 drdλ = ±
√
R(r), (5)
r2
dθ
dλ
= ±
√
Θ(θ), (6)
dφ
dλ
=
L
r2 sin2 θ
. (7)
with
R(r) = E2 −K e
2Φ(r)
r2
, (8)
Θ(θ) = K− L
r2 sin2 θ
, (9)
where we have defined
ξ =
L
E
, η =
K
E2
. (10)
Finally if can scale λ → λE, the radial part can be ex-
pressed in terms if the effective potential Veff(r) as fol-
lows (
dr
dλ
)2
+Veff(r) = 0, (11)
where
Veff(r) = − 1e2Φ(r)
(
1− b(r)
r
)
R(r), (12)
or
Veff(r) = − 1e2Φ(r)
(
1− b(r)
r
)[
1− η e
2Φ(r)
r2
]
. (13)
We can determine the shadow of the wormhole by us-
ing the following conditions
R(r) = 0,
dR(r)
dr
= 0,
d2R(r)
dr2
> 0. (14)
Thus in our wormhole case one can show that [24]
η =
r2
e2Φ(r)
|rph , (15)
where r = rph is the radial distance of the light ring.
However as was argued in Ref. [24], the wormhole
throat acts as the position of the maximum of the po-
tential when there are no extrema outside the throat, the
throat thus being the position of unstable circular orbits
and hence deciding the boundary of a shadow
R(r0) = 0,
d2R(r)
dr2
|r0 > 0. (16)
where r0 is the wormhole throat radius. Thus we can
write
η =
r20
e2Φ(r0)
. (17)
In the observers sky this defines the wormhole shadow
in terms of the celestial coordinates
α = lim
r→∞
(
−r2 sin2 θ0 dφdr
)
, (18)
and
β = lim
r→∞
(
r2
dθ
dr
)
, (19)
with θ0 being the inclination angle. If we use the
geodesic equations it follows [24]
α = − ξ
sin θ0
, (20)
3and
β =
(
η − ξ
2
sin2 θ0
)1/2
. (21)
For a static wormhole, the shadow radius can be found
in terms of the celestial coordinates (α, β) by the simple
relation
Rs =
√
α2 + β2 =
r0
eΦ(r0)
. (22)
A. Electromagnetic field perturbations
As we know QNMs are characteristic modes describ-
ing the final stage of a perturbed black hole or a worm-
hole. In the case of the black hole, one must impose an
outgoing boundary condition at infinity and an ingoing
boundary condition at the horizon. In the case of the
wormhole, the role of horizon is played by the worm-
hole throat. In general, QNMs can be written in terms
of the real part and the imaginary part representing the
decaying modes
ωQNM = ω< − iω=. (23)
Let us briefly discuss the electromagnetic field perturba-
tions. To do so, we recall the wave equations for a test
electromagnetic field given by
1√−g∂ν
[√−ggαµgσν (Aσ,α − Aα,σ)] = 0, (24)
with the four-potential Aµ. Now if we introduce the tor-
toise coordinate r? with two branches
dr∗ = ± dr
eΦ(r)
√
1− b(r)r
, (25)
one can obtain Schrodinger wave-like equation given by
(see [39])
d2Ψ
dr2∗
+ [ω2 −V(r)]Ψ = 0. (26)
The corresponding effective potential is given by
V(r) = e2Φ(r)
l(l + 1)
r2
. (27)
It was shown by Konoplya that one can study the
shape of a wormhole by its quasinormal modes. In par-
ticular near the wormhole throat r0 he obtained [39]
ω =
eΦ(r0)
r0
(
l +
1
2
)
− i
(
n+
1
2
)
eΦ(r0)√
2 r0
+O(1/ln)
(28)
Just be looking at Eqs. (22) and (28) it is not difficult to
see that the real part of wormhole QNMs and its shadow
radius are related by
ω< =
1
Rs
(
l +
1
2
)
. (29)
However, as we already pointed out, in general, the
shadow of the wormhole is determined not only by the
wormhole throat, but also due to the outer light ring
rph > r0. So in general, the wormhole shadow can be
determined by the throat radius r0, or the outer photon
ring rph. For these reasons, we suggest that the resulting
shadow radius and the real part of the QNMs are related
by the same equation. This correspondence is normally
expected to be accurate in the eikonal limit having large
values of l [49], however following the arguments in Ref.
[54], the values obtained by the last equation are very
close even for small values of l.
B. Scalar field perturbations
Alternatively, a similar result is expected if we con-
sider a massless scalar field equation in a wormhole
spacetime
1√−g∂µ
(√−ggµν∂µΦ) = 0. (30)
The corresponding effective potential for the scalar
field is found to be (see, Ref. [40])
V(r) = e2Φ(r)
l(l + 1)
r2
+
1
2r
d
dr
e2Φ(r)
(
1− b(r)
r
)
. (31)
That being said, in the eikonal limit, the electromag-
netic and the scalar field should have the same be-
haviour given by Eq. (28), and consequently the same
correspondence between the real part of scalar QNMs
and the shadow radius given by Eq. (29). We should
point here that this correspondence is not guaranteed
for gravitational fields, for example in the Einstein-
Lovelock theory even in the eikonal limit this correspon-
dence may be violated (see, [48]).
III. MODEL WITH Φ(r) = − r0r
In what follows, we are going to use different worm-
hole models to investigate the above correspondence. In
this first model having Φ(r) = − r0r , one can check that
the outer photon ring and coincides with the wormhole
throat, i.e. r0 = rph. For the shadow radius we obtain
Rs = r0e. (32)
Hence, we find that the real part of QNMs is given in
terms of the equation
ω< =
1
r0e
(
l +
1
2
)
. (33)
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FIG. 1 Left panel: The real part of QNMs as a function of the wormhole throat radius r0 for different values of l in the case of
the model Φ(r) = −r0/r. Right panel: The real part of QNMs as a function of l and fixed values of r0 for the same wormhole
model.
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FIG. 2 Left panel: The real part of QNMs as a function of the wormhole throat radius r0 for different values of l in the case of
the model Φ(r) = −r0/r− r20/r2. Right panel: The real part of QNMs as a function of l and fixed values of r0 for the same
wormhole model.
FIG. 3 Left panel: 3D plot of the real part of QNMs as a function of the wormhole throat radius and l using the Φ(r) = −r0/r
model. Right panel: 3D plot of the real part of QNMs as a function of the wormhole throat radius and l using the
Φ(r) = −r0/r− r20/r2 model.
5l = 1 l = 2 l = 3 l = 4
r0 ω< ω< ω< ω< Rs
1 0.5518191 0.9196986 1.2875780 1.6554574 2.718281
2 0.2759095 0.4598493 0.6437890 0.8277287 5.436563
3 0.1839397 0.3065662 0.4291926 0.5518191 8.154845
4 0.1379547 0.2299246 0.3218945 0.4138643 10.87312
TABLE I Values of the real part of QNMs and the shadow
radius for the wormhole model Φ(r) = − r0r .
l = 1 l = 2 l = 3 l = 4
r0 ω< ω< ω< ω< Rs
1 0.354274 0.590458 0.826641 1.062824 4.234000
2 0.177137 0.295229 0.413320 0.531412 8.468000
3 0.118091 0.196819 0.275547 0.354274 12.70200
TABLE II Values of the real part of QNMs and the shadow
radius for the wormhole model Φ(r) = − r0r − r
2
0
r2 .
This shows that the shadow radius of the wormhole
is directly proportional to the wormhole throat radius,
while the real part of the QNMs is inversely propor-
tional to the wormhole throat radius b0. We see this fact
from Fig. 1 and Table I. Specifically for a fixed l, when
we increase the wormhole throat the values of QNMs
decrease and the shadow radius increases.
IV. MODEL WITH Φ(r) = − r0r − r
2
0
r2
Using this model, we find that the shadow is deter-
mined by outer photon ring, i.e., rph = 2r0. Therefore,
the shadow radius results
Rs = 2r0e
3
4 , (34)
which is in perfect agreement with [25]. Thus, we find
for the real part of QNMs is given by
ω< =
1
2r0e
3
4
(
l +
1
2
)
. (35)
Again, we observe a rather general result, namely, the
shadow radius is proportional to the wormhole throat
radius, but the real part of the QNMs is inversely pro-
portional to the wormhole throat. In Fig. 2 and in Table
II, we present the plots/numerical values for the real
part of QNMs by varying the wormhole throat radius
and l. Again, for a constant l an increase of r0, decreases
the values of the QNMs. On the other hand, having con-
stant r0, the real part of QNMs increases monotonically
with the increase of l.
V. MODEL WITH exp(2Φ(r)) = 1− 2Mr
This model can be viewed as a special case of the
model Φ(r) = − r0r −
r20
r2 . For example one can take a
l = 1 l = 2 l = 3 l = 4
M ω< ω< ω< ω< Rs
0.1 1.341640 2.236067 3.130495 4.024922 0.519615
0.2 1.161895 1.936491 2.711088 3.485685 1.290994
0.3 0.948683 1.581138 2.213594 2.846049 1.581138
0.4 0.721687 1.202813 1.683938 2.165063 2.078460
0.5 0.577350 0.962250 1.347150 1.73205 2.598076
TABLE III Values of the real part of QNMs and the
corresponding shadow radius for the wormhole model
exp(2Φ(r)) = 1− 2Mr . We have set r0 = 1.
l = 1 l = 2 l = 3 l = 4
r0 ω< ω< ω< ω< Rs
1 1.50 2.50 3.50 4.50 1
2 0.75 1.25 1.75 2.25 2
3 0.50 0.83 1.16 1.50 3
TABLE IV Values of the real part QNMs and the shadow
radius for the wormhole model Φ(r) = 0.
series expansion around r0 yielding
exp(2Φ(r)) = 1− 2M
r
. (36)
where M is a mass parameter. The wormhole shadow
can be determined by the outer light ring depending on
the value of the parameter M, since the critical orbit of
the photon is given by rph = 3M. Working in the units
of r0 = 1, we find that there is a critical value for the pa-
rameter M = Mc = 1/3 such that, when M ≤ Mc, the
shadow is determined by the photon ring at the worm-
hole throat. On the other hand, when M > Mc, the
shadow is determined from outer photon ring. In par-
ticular when M ≤ Mc, we have the shadow radius
Rs =
r0√
1− 2Mr0
. (37)
Hence, we find for the real part of QNMs in terms of the
equation
ω< =
√
1− 2Mr0
r0
(
l +
1
2
)
. (38)
When M > Mc, we have the shadow radius due to the
outer light ring Rs = 3
√
3M. Hence, we find for the real
part of QNMs reads
ω< =
1
3
√
3M
(
l +
1
2
)
. (39)
In other words, the shadow radius in this interval be-
comes similar to the static black hole shadow.
We present our numerical estimations for the QNMs
and shadow radius in Table III. It interesting to note that
the value of the mode l = 1 is given by ω< = 1.34, which
is very close to the value obtained via the WKB method
ω< = 1.35 (see for example Ref. [40]).
6VI. MODEL WITH Φ = 0.
This is the simplest wormhole model and the shadow
radius reads
Rs = r0. (40)
The real part of QNMs is therefore given by
ω< =
1
r0
(
l +
1
2
)
. (41)
In Table IV we present our numerical values for the
QNMs. The values of the real part of the QNMs and the
shadow radius are quite simply obtained, for example
consider the case r0 = 1, we obtain: ω< = 1.5 for the
mode l = 1, ω< = 2.5 for the mode l = 2 and ω< = 3.5
for the mode l = 3. These values are very close to those
obtained via the WKB approximation (see for example
Ref. [41]) [ω< = 1.48 for the mode l = 1, ω< = 2.49
for the mode l = 2, and ω< = 3.49 for the mode l = 3,
respectively].
VII. OBSERVATIONAL CONSTRAINTS
A. Model with Φ(r) = − r0r
Here we shall consider the possibility of having a
traversable wormhole in the galactic center M87. We can
use the reported angular size of the shadow in the M87
center detected by the EHT θs = (42± 3)µas, along with
the distance to M87 given by D = 16.8 Mpc, and the
mass of M87 central object M = 6.5× 109 M. In order
to constrain the wormhole throat radius r0, for simplic-
ity, we are going to neglect the rotation. The diameter of
the shadow in units of mass dM87 given by [57, 58]
dM87 =
D θs
M
= 11.0± 1.5. (42)
Within 1σ confidence we have the interval 9.5 ≤
dM87 ≤ 12.5, whereas within 2σ uncertainties we have
8 ≤ dM8 ≤ 14 [57, 58]. In Fig. 4 (left panel) we show
the regions of parameter space of the diameter of the
shadow and the throat radius r0 using the wormhole
model Φ(r) = − r0r . Within 1σ confidence, we find the
upper and lower limits of the wormhole throat radius
1.74 ≤ r0 ≤ 2.29. On the other hand, within 2σ confi-
dence, we find the interval 1.47 ≤ r0 ≤ 2.57. Notice that
r0 is measured in the units of the M87 object mass M,
therefore the expected value of the wormhole throat can
be also given by r0 ∼ (4.6− 8.1) × 10−4 pc within 2σ.
This shows that the detected diameter of the shadow in
the central region of the M87 galaxy could be a worm-
holes an a wormhole can mimic the supermassive black
hole. Such values are to be expected.
B. Model with Φ(r) = − r0r − r
2
0
r2
In this particular model, within 1σ and 2σ uncertain-
ties, we the upper and lower limits of the wormhole
throat radius 1.12 ≤ r0 ≤ 1.47 and 0.94 ≤ r0 ≤ 1.65, re-
spectively. Alternatively, the wormhole throat is found
to be r0 ∼ (2.9− 5.2)× 10−4 pc within 2σ.
VIII. CONNECTION BETWEEN SHADOW RADIUS
AND QNMS IN A ROTATING WORMHOLE SPACETIME
Let us examine the correspondence in the rotating
wormhole spcetime. To do so, we nned to write the Teo
wormhole metric which describes a rotating wormhole
spacetime given as follows [5, 24, 25]
ds2 = −N2dt2 + dr
2(
1− b0r
) + r2K2 [dθ2 + sin2 θ (dϕ−ωdt)2]
(43)
where N = eΦ(r) is the redshift function which should
be finite and nonzero. A particular choice of the metric
functions frequently used in the literature is given by
ω =
2J
r3
+O(1/r4) (44)
where M is the mass of the wormhole and J its angu-
lar momentum. In the following discussion, we shall
use the spin parameter of the wormhole, defined as
a = J/M2, as a measure of the rotation rate. Without
loss of generality, we are going to set the wormhole mass
to unity i.e, M = 1 [hence, we have a = J] along with
K = 1. Furthermore, r is a positive with the range of the
radial coordinate r ≥ r0. The throat of the wormhole is
at b0 [or in our notation r0] with the flare-out condition
r0 − r0,rr
2r20
> 0. (45)
In the case of vanishing spin angular momentum
i.e. a = 0, the Teo wormhole metric reduces to the
static wormhole spacetime. The corresponding rotat-
ing wormhole metric in the coordinates (t, r, θ, φ) [in the
equatorial plane having set θ = pi/2], is given by
ds2|θ=pi/2 = gttdt2 + 2gtφdtdφ+ grrdr2 + gφφdφ2, (46)
where
gtt = −
(
e2Φ(r) − 4a
2
r4
)
, (47)
gtφ = −2ar , (48)
grr =
1
1− b0r
, (49)
gφφ = r2. (50)
71σ
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FIG. 4 Left panel: The regions of parameter space of the diameter of the shadow and the throat radius r0 using the wormhole
model Φ(r) = −r0/r within 1σ and 2σ uncertainties, respectively. Right panel: The regions of parameter space of the diameter
of the shadow and the throat radius r0 using the wormhole model Φ(r) = −r0/r− r20/r2 within 1σ and 2σ uncertainties,
respectively.
The Lagrangian can be written as
L = 1
2
(
gtt t˙2 + grr r˙2 + 2gtφ t˙φ˙+ gφφφ˙2
)
. (51)
Due to the symmetry of the spacetime we have two
constants of motions obtained via the generalized mo-
menta
pt = gtt t˙+ gtφφ˙ = −E (52)
pφ = gtφ t˙+ gφφφ˙ = L (53)
pr = grr r˙ (54)
If we now define the Hamiltonian as follows
H = pt t˙+ pφφ˙+ pr r˙−L, (55)
along with the additional condition for the existence of
circular geodesics at r = r∗, and stated as
Vr = V ′r = 0. (56)
Following [50], we define the following quantity
Rs =
L
E
. (57)
As a result we obtain from the first condition
r2|r=r∗ − e2Φ(r)R2s |r=r∗ −
4aRs
r
|r=r∗ +
4a2R2s
r4
|r=r∗ = 0,
(58)
along with a second equation
r|r=r∗ −Φ′(r)e2Φ(r)R2s |r=r∗ +
2aRs
r2
|r=r∗1−
8a2R2s
r5
|r=r∗ = 0,
(59)
from the second condition, respectively. As was argued
in Ref. [24, 25], the shadow boundary of a rotating
wormhole is determined by the superposition of the two
curves, namely a curve due to the inner light ring lo-
cated at the wormhole throat r0, and the outer one lo-
cated at some radial distance r∗ > r0. Let us consider
two special cases for the rotating wormhole having dif-
ferent redshift functions.
A. Model with Φ(r) = − r0r
To determine these points let us first solve Eq. (58) for
Rs, yielding
R±s =
r3
±r2 e− r0r + 2a
|r=r±∗ . (60)
The quantity R±s has units of mass and the spin pa-
rameter a has the units of M2. The shadow radius of
a rotating black hole or wormhole depends on the ob-
server’s viewing angle θ0. In the the case with θ0 = pi/2,
we can adopt the definition for the typical shadow ra-
dius which can be written as [50, 56]
R¯s =
1
2
(
R+s |r+∗ − R−s |r−∗
)
(61)
where the points r±0 are determined from Eq. (59). In
this model we find
r|r=r±∗ −
R±s
2r0
r2e
2r0
r
|r=r±+ +
2aR±s
r2
|r=r±∗ −
8a2R±s
2
r5
|r=r±∗ = 0,
(62)
From the last equation one can check that there is a
contribution at the the outer one with r−∗ > r0 only from
the branch R−s . On the other hand, for the branch R+s ,
there is a contribution due to the wormhole throat i.e.,
8l = 1 l = 1
a ω+< ω
−
< R¯s
0.0 0.551819 -0.5518191 2.718281
0.1 0.851819 -0.4291367 2.628163
0.2 1.151819 -0.3799017 2.625338
0.3 1.451819 -0.3484413 2.669035
0.4 1.751819 -0.3254748 2.732452
0.5 2.051819 -0.3075117 2.804460
0.6 2.351819 -0.2928452 2.879981
0.7 2.651819 -0.2804967 2.956519
0.8 2.951819 -0.2699092 3.032792
TABLE V The real part of QNMs and the typical shadow
radius for a wormhole model Φ(r) = −r0/r by varying the
angular parameter a. Here we choose r0 = 1.
r+∗ = r0. The typical shadow radius yields
R¯s =
r3
2
(
r2 e−
r0
r + 2a
) |r=r0 + r3
2
(
r2 e−
r0
r − 2a
) |r=r−∗ .
(63)
As a special case when a = 0, it follows that the two
points coincide i.e., r+∗ = r−∗ = r0, hence the shadow ra-
dius for the static wormhole given by Eq. (32). If we use
the correspondence between the quasinormal mode and
the conserved quantities along geodesics, for the corre-
sponding prograde and retrograde modes, we can write
ω±< =
1
R±s
(
l +
1
2
)
. (64)
Alternatively, we can use Eq. (60) along with the last
equation to express the real part of the corresponding
prograde/retrograde modes as
ω±< =
(
l + 12
)
r3
±r2 e−
r0
r +2a
|r=r±∗
. (65)
Finally, it may be useful to define yet another quantity,
say the typical real part of QNMs
ω¯< =
1
2
(ω+< −ω−< ), (66)
which then can be used to find the typical shadow ra-
dius
ω¯< =
(
l + 12
)
R¯s
. (67)
In Fig. 5 (left panel) and Table V, we present the nu-
merical values for the typical shadow radius and the
corresponding prograde/retrograde mode. We see that,
there is a reflecting point at some a = ac, such that when
a < ac, the typical shadow radius decreases, and when
a > ac, the shadow radius increases. However there
is reflecting point at some critical value ac, such that if
a > ac the shadow radius increases. In this particular
model, for a very fast rotating wormholes we see that
the shadow radius is bigger compared to the static case.
l = 1 l = 1
a ω+< ω
−
< R¯s
0.0 0.354274 -0.354274 4.234000
0.1 0.503002 -0.324898 3.799457
0.2 0.803002 -0.304607 3.396181
0.3 1.103002 -0.288960 3.275475
0.4 1.403002 -0.276216 3.249833
0.5 1.703002 -0.265477 3.265491
0.6 2.003002 -0.256215 3.301661
0.7 2.303002 -0.248086 3.348805
0.8 2.603002 -0.240854 3.402035
TABLE VI The real part of QNMs and the typical shadow
radius for a wormhole model Φ(r) = −r0/r− r20/r2 by
varying the angular parameter a. Here we choose r0 = 1.
B. Model with Φ(r) = − r0r − r
2
0
r2
In this particular wormhole model from Eq. (58) we
obtain the following result
R±s =
r3
±r2 e−
r0(r+r0)
r2 + 2a
|r=r±∗ , (68)
where r±∗ is determined from the second condition given
by Eq. (59) yielding
r|r=r±∗ −
R±s
2r0
r2e
2r0
r e
2r20
r2
|r=r±∗ −
2R±s
2r20
r3e
2r0
r e
2r20
r2
|r=r±∗
+
2aR±s
r2
|r=r±∗ −
8a2R±s
2
r5
|r=r±∗ = 0. (69)
We find that there is a contribution of the branch R−s
at the the outer light ring having r−∗ > r0. Therefore, the
typical shadow radius yields
R¯s =
r3
2
(
r2 e−
r0(r+r0)
r2 + 2a
) |r=r0 + r3
2
(
r2 e−
r0(r+r0)
r2 − 2a
) |r=r−+
(70)
As a special case when a = 0, we have r∗ = rph = 2r0,
yielding Eq. (34). Finally we can obtain the real part of
the corresponding prograde/retrograde modes as
ω±< =
(
l + 12
)
r3
±r2 e−
r0(r+r0)
r2 +2a
|r=r±∗
. (71)
In Fig. 5 (right panel) and Table VI, we present the
numerical values for the typical shadow radius and the
corresponding prograde/retrograde mode. Similarly,
we find a reflecting point at some a = ac, such that when
a < ac, the typical shadow radius decreases, and when
a > ac, the shadow radius increases. In this particu-
lar model, for fast rotating wormholes we see that the
shadow radius is smaller compared to the static case.
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FIG. 5 Left panel: The typical shadow radius by varying a for the model Φ(r) = − r0r . Right panel: The typical shadow radius
by varying a for the model Φ(r) = − r0r − r
2
0
r2 . Note that the viewing angle is θ0 = pi/2 and r0 = 1 in both cases.
IX. CONCLUSIONS
In this paper we have studied the connection between
the real part of quasinormal modes (QNMs) and the
shadow radius in a wormhole spacetime. Firstly, we
have investigated this correspondence in a static and
spherically symmetric wormhole spacetime. To this
end, we have chosen four different wormhole models
having specific redshift functions. We have obtained
the values for the real part of the QNMs in terms of the
shadow radius. In general, we have shown that the val-
ues of QNMs decreases as we increase the wormhole
throat radius. It is interesting that although this corre-
spondence is accurate in the limit of large l, it works
well also in the limit of small l. Secondly, we generalize
this correspondence to the rotation wormhole spacetime
and calculate the typical shadow radius of the rotating
wormhole when viewed from the equatorial plane. We
argue that due to the rotation, and depending on the
specific model, the typical shadow radius can be smaller
or bigger compared to the static case. In addition, we
showed that there is a reflecting point at some value
ac. Thirdly, we have consider the possibility of having
a traversable wormhole in the galactic center M87. Us-
ing the recent data reported by the EHT, we have con-
straint the wormhole throat radius r0. For the model
Φ(r) = −r0/r, within 2σ confidence, we have found
the following interval for the wormhole throat radius
r0 ∼ (4.6 − 8.1) × 10−4 pc. In the second model hav-
ing Φ(r) = −r0/r − r20/r2, we have found the inter-
val r0 ∼ (2.9 − 5.2) × 10−4 pc, within 2σ confidence.
Whether there is a wormhole in the galactic center is an
open question, our results suggest that a wormhole can
in principle mimic the black hole in the galactic center
however more work is needed to distinguish these two
objects.
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